ABSTRACT The objective of this study was to compare the laying performance, egg quality, and serum biochemistry of hens maintained in conventional cage rearing system (CRS), flat net-rearing system (NRS), and free range system (FRS) under summer conditions. Indigenous Xianju chickens (n = 540) were randomly allocated into cages or pens of rearing system groups, within each system there were 5 replicates with 36 hens in each replicate. The experiment lasted between 21 and 29 wk of age. Hen-day egg production (P = 0.00) and egg mass (P = 0.00) were higher in the CRS but were similar in the NRS and FRS. Lowest egg weight (P = 0.02), yolk weight (P = 0.00) and yolk ratio (P = 0.01), and feed intake (P = 0.01) were observed from the FRS, whereas lowest feed conversion ratio (FCR) was recorded from the CRS (P = 0.01). Rearing systems had negligible effect on egg quality. Serum Ca (P = 0.04) and total protein (P = 0.03) levels were found to be higher in the CRS but were lower in the FRS. Serum levels of glucose (P = 0.01), cholesterol (P = 0.00), and triglyceride (P = 0.00) in the CRS increased compared with the NRS and FRS groups, whereas serum levels of high density lipoprotein cholesterol (HDL-C; P = 0.01) in the CRS decreased. It can be concluded that under summer conditions, Xianju chickens from CRS had an advantage in terms of productivity parameters, but exhibited higher levels of serum lipids and glucose.
INTRODUCTION
The laying hen rearing system, which has been the focus of scientific research for many years, is an external factor that influences productivity traits and egg quality. As conventional cage system has been banned in the European Union since 2012, alternative rearing systems (e.g., free range, floor, and organic) have been rapidly introduced in an effort to improve the welfare of the hens. Throughout the last two decades, the response of egg yield and quality to alternative rearing systems was investigated by scientists all over the world. Many researchers have reported that egg production was higher in conventional cage systems than in alternative rearing systems (Yakubu et al., 2007; Mugnai et al., 2009; Anderson, 2010) and some have reported that egg production of hens showed no difference under different rearing systems (Neijat et al., 2011; Ahammed et al., 2014) . Opinions on egg quality are ambiguous. Some investigators (Rossi, 2007; Hidalgo et al., 2008) observed higher Haugh units values of eggs from hens that were housed in cages, whereas others (Minelli et al., 2007; Dukić-Stojčić et al., 2009 ) reported higher Haugh units from hens under organic or free range systems.
Conflicting reports from those authors is likely due to the effect of a variety of factors, such as genotype, age, nutrition, and environment (Rakonjac et al., 2014) . Regarding the genotype, it is suggested that commercial breeds, selected to produce under highly controlled conditions, seem to be quite unsuitable for alternative rearing systems, which provide more natural but poorer living conditions (Hovi et al., 2003) . Whereas, the use of less selected strains could be a valuable alternative (Mugnai et al., 2009) . In China, the indigenous Xianju chicken with a 300-yr history, noted for its egg production (180 to 200/yr), has gained much attention due to its better adaptability, resistance disease, and conserved gene pool (Chen et al., 2004; Tang et al., 2009) . Therefore, Xianju chickens may be used for egg production in alternative rearing systems. However, there is no information regarding the effect of alternative rearing systems on Xianju chickens. Furthermore, the Xianju chicken originates from Zhejiang Province, which located in humid subtropical areas. Summers in these areas are very hot and humid, with daily temperature averages above 30
• C. It's reported that high temperatures reduce feed intake, egg production, egg weight, and egg quality (Mashaly et al., 2004) . A new 3896 question arises. Will alternative rearing systems be suitable for egg production in Xianju chickens in hot seasons? Hence, the present study was planned to investigate the effects of alternative rearing systems on productivity traits, egg quality, and serum biochemistry response in indigenous Xianju chickens under summer conditions.
MATERIAL AND METHODS
The experiment was conducted in accordance with the Chinese guidelines for animal welfare and was approved by the animal welfare committee of the Animal Science College, Zhejiang University.
Birds, Feeding, and Rearing Systems
The present study was carried out from June to August, months that are considered severely hot and humid in Zhejiang Province, China. A total of 540 indigenous Xianju chickens, 21 wk of age, were used in this study. They were randomly allocated to 3 treatment groups, each of which included 5 replicates of 36 hens. The conventional cage rearing system (CRS), flat netrearing system (NRS), and free range system (FRS) were located on the same field in Jinshanjiao layer farm (Taishun is within Zhejiang Province, China).
For CRS, hens were reared in 4-tiered rearing cages fitted with linear feeders and nipple drinkers (2 nipple drinkers per cage). Each replication consisted of 12 adjacent cages. Hens were kept in cages (47 cm length, 37 cm width, and 50 cm height) with 3 hens per cage providing approximately 579 cm 2 floor space per bird. For NRS, each replication was reared separately in a single pen (70 cm from the concrete floor) consisting of a stainless steel frame with a flat wire net covered. Each pen was 400 × 100 cm (9 birds /m 2 ) with two-side trough feeders and nipple drinkers (5 nipple drinkers in one side of pen). The system also had perches (15 cm of area per hen) and nest-boxes (6 hens per nest, 60 cm from the bottom of the pen). Hens from CRS and NRS were housed in a windowed layer house with a controlled ventilation regime and a wet curtain cooling system. The FRS had an indoor and paddock area. The indoor area was an open-sided naturally ventilated layer house and its floor was covered with wood shavings as a litter material. A total 6 hens per m 2 was provided in the FRS indoor area. The paddock area was located in front of the open-sided house, enriched with alfalfa and trifolium mixture, providing stocking density of 0.25 birds /m 2 . Inside the paddocks area, there was a small hut with nests (6 hens per nest) and perches (18 cm of area per hen). Replication in FRS was done with the help of fish-net. The FRS pasture area was enclosed by wire fences to keep out predators. The circular feeders and plastic drinkers were used in the indoor and paddock areas.
The study lasted 9 wk including a 1-wk acclimation period and an 8-wk experimental period. The light schedule was similar in all of the rearing systems with 16 h light and 8 h dark. Feed and drinking water were available on an ad libitum basis. Hens in all rearing systems were fed the same complete diet based on corn and soybean meal with 17% CP, 2,750 kcal/kg ME, 3.55% calcium, and 0.41% available phosphorus. The mean daily temperature was 31
• C (range 26 to 35
• C) and ambient RH was 75% (range 60 to 90%) in the FRS throughout the study period. The mean daily temperature and RH inside the barn from CRS and NRS was 27
• C (range 24 to 30 • C) and 80% (range 70 to 90%), respectively. The mean mortalities in CRS, NRS, and FRS were 0.00, 1.11, and 2.22%, respectively.
Laying Performance and Egg Quality
Hen-day egg production, egg weight, and hen mortality were recorded daily on a replication basis. Egg mass was calculated by multiplying egg weight by egg production. The feed intake was determined on a replicate basis at weekly intervals. The magnitude of performance parameters such as egg production were adjusted for hen mortalities.
At the end of the experiment (wk 29), 30 eggs from each treatment were randomly collected to assess egg quality parameters. The eggs were weighed and cracked, and albumen height, Haugh units, yolk color, eggshell thickness, and eggshell strength were measured with a digital egg tester (DET-6000, NABEL, Kyoto, Japan). Yolk was separated and singularly weighted to calculate the yolk ratio. Eggshell thickness (without the shell membrane) was measured at the middle part of the egg as described by Azzam et al. (2011) . Egg shape index was expressed as the egg length to egg width ratio.
Blood Sampling and Laboratory Analyses
At the end of wk 29, 12 h after feed withdrawal, 2 birds were randomly selected from each replicate and blood samples were collected from the axillary vein. The serum, separated after the centrifugation of blood at 3,000 × g for 10 min, was stored in 1.5-mL Eppendorf tubes at −70
• C until analysis, and thawed at 4
• C before analysis. Serum concentrations of Ca, P, glucose, alkaline phosphatase (AKP), glutamic-oxalacetic transaminase (GOT), glutamicpyruvic transaminase (GPT), total protein, albumin, uric acid, cholesterol, triglycerides, low density lipoprotein cholesterol (LDL-C), and high density lipoprotein cholesterol (HDL-C) were measured spectrophotometrically (UV-2000, Unico Instruments Co. Ltd., Shanghai, China) using commercial diagnostic kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Statistical Analysis
The data were expressed as means ± SEM and analyzed statistically by one-way ANOVA, using SPSS 18.0 for Windows (SPSS Inc., Chicago, IL). When significant differences were found (P < 0.05), Tukey post hoc tests were performed.
RESULTS
The productivity traits (Table 1) were significantly (P < 0.05) affected by the rearing system. Hen-day egg production and egg mass were higher in the CRS (74.34% and 33.91 g, respectively) but were similar in the NRS (63.28% and 27.61 g, respectively) and FRS (57.09% and 24.25 g, respectively). The highest value of average egg weight (P = 0.02) came from hens in CRS, while the lowest value was from hens in FRS. The lowest FCR (P = 0.01) was recorded from the CRS, compared with the NRS and FRS. The feed intake (P = 0.01) was higher in NRS and CRS than that in FRS.
Results of egg quality characteristics are provided in Table 2 , and it is clear that none of the internal or external egg quality characteristics was influenced by the rearing system. Regarding egg compositions, yolk weight and yolk ratio from hens reared in FRS were lower (P = 0.00 and P = 0.01, respectively) than those of eggs from hens reared in CRS and NRS.
Birds reared under CRS and NRS exhibited higher level of serum Ca (P = 0.04) as compared with that under FRS (Table 3 ). The serum total protein level was found to be higher in the hens reared under CRS but was lower in the hens from FRS (P = 0.03). Concentration of serum glucose (P = 0.01) was higher in the CRS but was similar in the NRS and FRS. However, rearing systems had no influence (P > 0.05) on serum concentrations of P, AKP, GOT, GPT, albumin, and uric acid.
The effects of different rearing systems on serum concentrations of lipids are given in Table 4 . Serum concentrations of cholesterol (P = 0.00) and triglyceride (P = 0.00) in the CRS group increased compared with the NRS and FRS groups, whereas serum concentration of HDL-C (P = 0.01) in the CRS group decreased. No significant difference was observed in serum LDL-C level among all of the three rearing systems.
DISCUSSION
Although many researchers have studied laying hen performance response to alternative rearing systems such as enriched cage, aviary, floor management, and free range systems (Tauson et al., 1999; Neijat et al., 2011; Ahammed et al., 2014) , studies on the effect of changing from conventional cages to alternative rearing systems on production traits are continuing, especially in relation to the ability of native pure breeds to adapt to these alternate systems under certain climates. In the current study, better productivity traits of layers, including higher hen-day egg production and egg mass, improved FCR, and lower mortality, were obtained in CRS under hot summer conditions. In agreement with our findings, Voslarova et al. (2006) obtained a higher number of eggs, a higher number of eggs per hen per day, and a higher egg mass weight per hen per day in a cage system by using ISA Brown hybrids. In addition, Mugnai et al. (2009) reported the superiority of Ancona laying hens (a pure breed in Italy) in cages to those reared under organic system in terms of laying performance. In contrast, some researchers reported that rearing system did not affect egg production of commercial Shaver White hens (Neijat et al., 2011) or Lohmann Brown hens (Ahammed et al., 2014) . Different response of laying performance due to rearing systems might be caused by the different genotype of hens and the environment (temperature and humidity) as described by Rakonjac et al. (2014) .
Lower egg production in FRS might be due to the concomitant lower energy and protein ingestion which was diluted by grass intake as reflected by the lower feed intake. It is well known that the feed intake of laying hens decreases when the environmental temperature increases (Rollo et al., 1963) . Thus, compared to the CRS and NRS, the higher temperatures reached in FRS could also contribute to its decrease of feed intake and hence egg production. Whereas, lower egg production in NRS could be caused by the fact that some eggs were laid on the floor, perhaps eaten, and not counted. Hens under alternative rearing systems (NRS and FRS) showed higher FCR, this was probably due to the higher motor activity (Castellini et al., 2004) of the hens of these two groups. This determination is consistent with report from Lampkin (1997) and Mugnai et al. (2009) .
Regarding to egg weight, data from the literature are conflicting (Rakonjac et al., 2014) . Many researchers reported that eggs from free range systems weighed more on average than those from conventional cage systems (e.g. Hughes et al., 1985; Hidalgo et al., 2008) , whereas some researchers observed that average egg weight was lower in birds reared under free range systems or organic system (Minelli et al., 2007; Krawczyk, 2009 ). In the current study, egg weight was significantly affected by rearing system, and lowest egg weight was observed in hens reared under FRS. This might be partly due to the rearing system but mostly to the insufficient feed intake that does not support the birds with adequate levels of protein needed to maximize their production. In this trial, although the internal or external egg quality characteristics were not affected by the rearing system, yolk weight and yolk ratio from hens reared in CRS were higher than those of eggs from hens reared in FRS. Similarly, using Babock-300 and ISA brown layers, Basmacioǧlu and Ergül (2005) found a higher yolk percentage in caged birds than in floor pen layers. The lower yolk proportion in eggs laid by hens from FRS may be caused by deficiency of methionine (Shafer et al., 1996) induced by a deficiency of feed intake under hot summer conditions. Elwinger et al. (2002) also found a decrease in yolk percentage due to dietary deficiencies when feeding low methionine diets.
Serum biochemistry is considered to be a good indicator of health status. Determination of such indicators is one of the methods of evaluating the effect of the factors of housing environment on health and production of farm animals (Pavlík et al., 2007 ). In the current study, a considerable decrease in serum Ca levels was observed in hens from FRS. However, Pavlík et al. (2009) indicate that the housing systems had no significant effect on laying hens' blood plasma mineral profile such as Ca, P, and K. It is possibly that high environmental temperatures of FRS in our study decrease Ca uptake as a consequence of hyperthermia (Nys, 1999) . For hens housed in CRS, higher egg production was found to be associated with higher serum total protein level. This may be related to the high proteosynthesis as a prerequisite for high production of eggs in hens from CRS. In accord with our findings, Rehman et al. (2017) also found that birds under a cage rearing system exhibited a higher level of plasma protein as compared with those under a free range system.
Hens under CRS showed the highest level of serum glucose followed by those under NRS and FRS. Similar variations in level of plasma glucose due to different housing systems had already been reported by Rehman et al. (2017) , who state that more exercise in birds under free range system caused reduction in plasma glucose level. Cholesterol and triglyceride are transported from the place of their origin to their destination within blood circulation as lipoprotein particles such as LDL and HDL (Wnuk et al., 2013) . Serum concentrations of cholesterol, triglyceride, LDL-C, and HDL-C are parameters used to measure serum lipid levels (Ma et al., 2014) . Moreover, serum cholesterol and triglyceride levels can be used for stress indicators of hens, and some researchers demonstrated that cage rearing was a stress factor, which played a major role in increasing serum cholesterol (Turk and Barnett, 1971; Ma et al., 2014) . In the present study, serum concentrations of cholesterol and triglyceride in the CRS group increased compared with the NRS and FRS groups, whereas serum concentrations of HDL-C, a so called good cholesterol removing fats from plaques (Tanenberg, 2004) , decreased in the CRS groups. Our data indicated that alternative rearing systems decrease the concentrations of serum lipids, which might be beneficial to hens' health. Again, the lower serum lipids level may be attributed to the exercise of hens from alternative rearing systems. Substantiating the findings on serum lipids, a similar study conducted on green-shell laying hens (a local cross strain in China) claimed that reducing housing density decreases the concentrations of serum lipids (Ma et al., 2014 ).
In conclusion, rearing systems in Xianju chickens under summer conditions had a significant effect on laying performance and serum biochemistry, but had a negligible effect on egg quality. Hens from CRS had an advantage in terms of productivity parameters, whereas hens from NRS and FRS exhibited lower serum concentrations of lipids and glucose.
